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Abstract
In this manuscript, we show that the most important clonal complexes of
Staphylococcus aureus, CC1, CC5, CC8, CC15 and CC97, are now all connected
by EBURST when run on the Multi-locus sequence typing (MLST) database. The
seven loci suggested for the MLST scheme of S. aureus are not enough to sepa-
rate the most important clones such as New York/Japan and Brazilian Epidem-
ic Clone (BEC). They now all belong to the same clonal complex and this may
be the time to think about a new way to discriminate them.
As gene sequence data continues to accumulate, it could
have been predicted that the main human pathogenic lin-
eages of Staphylococcus aureus would become connected
by EBURST (Feil et al., 2004) when run on Multi-locus
sequence typing (MLST) database. Following the introduc-
tion of strain A08151 in the MLST database (http://saureus.
mlst.net/), CC1, CC5, CC8, CC15 and CC97 now form
the largest group of S. aureus lineages, comprising 911
different sequence types. Figure 1 shows the link between
these clonal complexes (CCs).
CC1, CC5, CC8, CC15 and CC97 were previously the
five largest and most important S. aureus CCs. CC1 is
known to contain various community-associated methi-
cillin-resistant S. aureus (CA-MRSA) including the first
PVL-positive strain MW2. CC5 is present all over the
world, sometimes being pandemic, and comprises both
CA- and hospital-associated MRSA (HA-MRSA). Another
pandemic CC is CC8, which includes the ancestral MRSA
ST250-SCCmecI. ST239, a very widespread lineage, is part
of CC8 but has gained a large DNA fragment from CC30,
and has been categorized as a separate CC. CC15 is also a
large CC but consists mainly of methicillin-sensitive
S. aureus. The same is true for CC97, but most isolates of
this lineage are from animals (Monecke et al., 2011).
Convergence of these lineages began to occur after the
introduction of strain BJ0192 into the MLST database.
This strain is an MRSA ST2139 from Beijing, China, iso-
lated in 2009 from a healthy female. It linked CC1 to
CC97. The second link occurred between CC1/97 and
CC15, which were connected by strain 12-18207 isolated
in 2012 in Australia, an MRSA ST2605. The last and
largest link was made by the addition of strain A08151, a
vancomycin-intermediate S. aureus (VISA) isolated in
2012 in Iowa, USA, from a heel wound of a 91-year-old
female. This strain connected CC1/97/15 to CC8 and
CC5.
Understanding the relationships between strains is
important for tracking epidemiology and for understand-
ing the pathogenesis of S. aureus infection. For example,
CC5 has been spreading in hospitals in several countries,
and is represented by the clone New York/Japan ST5-
SCCmecII (Monecke et al., 2011). Our group has just
reported the occurrence of this clone and the single locus
variant ST105-SCCmecII as prevalent in infections from
patients in a Brazilian hospital. This seems to have
replaced BEC (ST239-SCCmecIII), a CC8 strain frequently
isolated in Brazil (Dabul & Camargo, 2013). Ironically,
these now belong to the same CC.
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It is important to mention that there are many unsampled
genotypes and other CCs might by now also be connected.
The connection of these CCs raises the question of what
represents an ideal mechanism for discrimination and
categorization of S. aureus isolates. We appear to have
entered the genomics era (Perez-Losada et al., 2013) and in
the near future it may be necessary to compare the entire
core genome as a whole instead of only seven loci. As this
approach is not yet available in many laboratories, in con-
trast to the MLST scheme, maybe just inclusion of other loci
or even substituting different ones would be enough to
continue discriminating these important CCs, given such
usefulness in molecular epidemiology.
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Fig. 1. Linkage of the main Staphylococcus aureus clonal complexes.
(a) Picture produced with EBURST v3 on S. aureus MLST database. The
main clonal complexes which are now linked are marked CC1, CC5,
CC8 (and ST239), CC15 and CC97. (b) ST of the lineages forming the
connections between these CCs.
FEMS Microbiol Lett 351 (2014) 7–8ª 2013 Federation of European Microbiological Societies.
Published by John Wiley & Sons Ltd. All rights reserved
8 A.N.G. Dabul & I.L.B.C. Camargo
